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3 M HBr, 0.5 M Br2
3.5 M HBr, 0.5 M Br2
2.5 M HBr, 0.5 M Br2
●
●
3 M HBr, 2 M Br2
When kinetics and mass transport limits are insignificant, polarization curves are linear
Black: base case Red: high power build
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0 A DC current
0.01 A AC current


































Membrane ionic + electronic (+ & -)
104 mΩ cm2
Membrane ionic: 60 mΩ cm2


























































































































Membrane ionic + Electronic (+ & -)
104 mΩ cm2
Electrolyte ionic (-) + Faradaic (-)
127 mΩ cm2
Electrolyte ionic (+) + Faradaic (+)
94 mΩ cm2



























ρl Ionic current, il
Electronic current, is
s: solid electrode phase; l: liquid electrolyte phase; f: Faradaic
ρ: resistivity; Φ: potential; i: current density; Φ: voltage;
η: overvoltage; L: electrode thickness
Reference
Newman, John and Thomas-Alyea, Karen. 










Overvoltage 𝜂𝑛𝑒𝑔𝑜 = 𝜙1 − 𝜙2 ≈  
0
L















𝑖tot = 𝑖𝑠 + 𝑖𝑙
𝑖𝑠 =  𝛻𝜙𝑠 ρ𝑠 𝑖𝑙 =  𝛻𝜙𝑙 ρ𝑙
𝑖f ∝ 𝛻 ∙ 𝑖𝑠 =  𝑓[𝜙𝑠 − 𝜙𝑙
𝑖𝑙/𝑖tot
𝑖𝑠/𝑖tot
Current distribution curves at a fixed 𝑖tot
Faradaic 
current, if
1D homogeneous porous electrode model neglecting mass transport
L x 0
Potential probes for current distribution
is=V1, 2 or 3 / r1, 2 or 3
Measured by EIS
















































All appear independent of 𝑖tot𝑖𝑠/𝑖tot
Neg. polarization vs. Pd-H
Solid phase voltage

















Error bars not shown
Pd-H



























Overvoltage from the negative side
161 mΩ cm2
Electronic + Electrolyte Ionic + Faradaic



































Line & scatters: experimental values










Neg. ρl ~2.2 Ω cm
(~ 5.4 Ω cm after Bruggerman
correction using 55% porosity)
325 mΩ cm2
Conclusions
• Highest QBFB peak power density to date: 1.0 W/cm2
• Linear polarization for QBFB
• Contributions to overvoltage have been quantified
• Negative Faradaic reaction occurs primarily in the first 300 µm of the electrode
• Enables future engineering improvements 
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CO2 & O2 evolution
Cell resistance change
Water transport
Minority side leakage &
active species decomposition
Minority side side-reactions
Majority side leakage, decomposition & side-reactions
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0 A DC current
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